Dense Networks (DenseNet) and Multi-Radio Access Technologies (Multi-RATs) are considered as key features of the emerging fifth generation (5G) wireless systems. A Multi-RAT DenseNet is characterized by a very dense deployment of low-power base stations (BSs) and by a multi-tier architecture consisting of heterogeneous radio access technologies. In this work, we propose an effective RAT selection algorithm that efficiently manages the RAT handover procedure by (i) choosing the most suitable RAT that guarantees high system and user performance, and (ii) reducing unnecessary handover events. In particular, the decision to trigger a handover is based on a new system parameter named Reference Base Station Efficiency (RBSE). This parameter takes into account metrics related to both the system and the user: the BS transmitted power, the BS traffic load and the users' spectral efficiency. We compare, by simulation, the proposed scheme with the standardized 3GPP policies. Results show that the proposed RAT selection scheme significantly reduces the number of handovers and the end-toend delay while maintaining high system throughput and user spectral efficiency.
I. INTRODUCTION
F UTURE fifth generation (5G) wireless networks will deal with the growing demand of new multimedia and broadband applications such as 3D TV, HDTV, VoIP, mobile gaming, and machine-type communications. The vision of 5G network architecture considers multiple base stations (BSs) with different transmitted power levels and multi-tier radio coverages (e.g., macrocell, microcell, picocell, femtocell, relay links, Wi-Fi hotspot, and so on) overlap and use heterogeneous Radio Access Technologies (RATs) (i.e., GSM, HSPA, LTE, LTE-A, Wi-Fi, and so on) [1] [2] . The described network architecture is named Multi-RAT dense network (DenseNet); an example is illustrated in Fig. 1 .
A multi-RAT system may provide additional coverage in areas characterized by high interference and weak received signals, while the network densification may bring the lowpower BSs closer to the users thus improving the traffic capacity and the system spectral efficiency [3] [4] . Although lowpower BSs provide high capacity and high users' throughput, the availability of overlapping multi-RATs may lead the user to change RAT frequently. In some cases, unnecessary handover may occur and cause high signaling overhead and system performance degradation. Therefore, efficient RAT selection algorithms have to be investigated in the 5G Multi-RAT DensNet scenario.
Concerning the RAT selection procedures, the IEEE standardized the IEEE 802.21 for managing vertical handover procedures among Wi-Fi and third generation cellular networks (i.e., UMTS/HSPA) [5] . In particular, it operates in a centralized manner and provides a link layer intelligence, which allows to exchange systems information through the new Media Independent Handover (MIH) protocol. Nevertheless, this standard is not able to manage in an efficient way handover processes in a dense environment with multiple RATs and network providers. Indeed, in a such situation, better performances might be obtained by exploiting a decentralized RAT selection, where every BS executes a handover on the basis of the information achieved locally. In addition, IEEE 802.21 protocol does not assure good performance in case of high mobility and does not provide to the upper layers all the facilities necessary for efficiently managing vertical handover [6] .
Several works in the literature focus on the issues described above, but until now, the proposed vertical handover schemes only rely on the evaluation of the Reference Signal Strength (RSS) to integrate only two different tiers of technologies such as UMTS and WiFi. An extensive analysis is available in the survey [7] . For instance, in [8] authors proposed a combination of different radio resource management strategies in order to improve the handover execution procedures in a 3G/WiFi networks. While in [9] , RAT selection, named Common Radio Resource Management (CRRM), is managed by a coordinated set of networks that jointly consider the user satisfaction and the radio resources availability of the overall system. The authors in [10] , instead, proposed a simple Joint Radio Resource Management approach (JRRM) for managing handover in a cooperative 3G heterogeneous network.
Although approaches like CRRM and JRRM are simple to implement and easy to use, these do not take into account some parameters typical of the current 4G/5G mobile network and the handover is performed by considering mainly the RSS.
The third Generation Partnership Project (3GPP) standardized intra-RAT handover procedures for the Long Term Evolution (LTE) technology in [11] ; their evolution, tailored to 4G and future 5G systems, has been further investigated in Release 10 (Rel 10) and Release 12 (Rel 12) [2] .
Although the 3GPP standardized intra-RAT handover procedures ensure good performance for beyond 4G networks, such procedures cannot adequately manage the inter-RAT selection process in a multi-RAT DenseNet scenario that is characterized by the presence of non-3GPP devices and access technologies. Indeed, several open issues and challenges have to be taken into account, for instance, the X2 application protocol exploited to handle mobility in LTE networks is not supported by non-3GPP technologies, or, the ping-pong effect between multiple BSs should be efficiently managed, and so on. To overcome this issues, in this paper the inter-RAT handover is done by considering network and user parameters typical of a DenseNet scenario composed by different LTE base stations and WiFi Hotspots.
The main contribution of our work is an effective inter-RAT selection algorithm in a multi-RAT DenseNet in order to: (i) efficiently manage the RAT handover procedure, (ii) reduce the ping-pong effect due to unnecessary handover events, (iii) choose the most appropriate RAT that guarantees high users' throughput and low delay. In particular, differently from the algorithms proposed in [12] , [13] , we design a decision making algorithm that triggers a handover based on a new metric called Reference Base Station Efficiency (RBSE). This parameter takes into account three metrics: (i) the BS transmitted power, (ii) the BS traffic load and (iii) the users' spectral efficiency. The newly defined decision making algorithm allows the users to select the most suitable RAT in order to prevent unnecessary handover events without decreasing the system and the user performance.
To the best of our knowledge, our work is the first that considers the RAT selection procedure in a 5G Multi-RAT scenario with a dense deployment of different types of small BSs (DenseNet).
The remainder of the paper is organized as follows. In Section II we describe the system model and analytically formulate the RAT selection problem. In Section III we describe in detail the proposed RAT selection scheme. Simulation setting and results are given in Section IV, while conclusive remarks and future works can be found in Section V.
II. REFERENCE SYSTEM AND PROBLEM FORMULATION

A. System Model
We consider a wireless network scenario where different types of small BSs (e.g., femtocell, picocell, WiFi hotspot, etc.) are deployed in an uncoordinated manner within a macro cellular coverage, as shown in Fig. 1 . We denote with B M and B m the set of M macrocells and m small BSs (i.e., cellular or WiFi) within the considered scenario, respectively. In particular, let us denote with b ∈ B = B M ∪ B m the index of a generic BS and with i ∈ I the index of a generic user equipment (UE) within the user set I. Since the handover decision measurements are performed in the downlink direction, we focus on the transmission from a generic BS b to a generic UE i.
The useful received power by a user i at a generic distance d from a BS b can be expressed as
the channel gain from BS b to user i located at distance d. In the channel gain coefficient are included all the losses due to the path loss attenuation, shadowing and other factors such as fading and multipath.
The Signal to Interference Noise Ratio (SINR) of user i located at distance d from a generic BS b can be evaluated as follows:
where σ 2 is the noise power and c∈B,c =b P Ic,i (d) represents the interference power signal due to the adjacent BSs.
The capacity achieved by user i located at distance d and attached to BS b with a bandwidth W is given by the wellknown Shannon's formula:
Since in the reference Multi-RAT DenseNet scenario we use different type of small LTE BSs (macrocell, picocell and femtocell) the mapping between the Channel Quality Indicator (CQI) and the received SINR for the LTE technology used in this work is presented in [14] .
B. Problem Formulation
The Reference Base Station Efficiency (RBSE) metric is defined in order to select the most suitable RAT that guarantees high performance in terms of spectral efficiency, delay and signaling load. It puts the user data-rate in relation with the BS transmitted power and the traffic load. By so doing the RAT selection is not based on the simple evaluation of the received signal strength (i.e., RSRP) or quality (i.e., RSRQ), but it takes into account the real network condition in terms of BS transmitted power, BS load and required user data-rate, as suggested in [15] .
In details, RBSE is defined as follows:
where s ef fi is the requested user spectral efficiency, P T b is the total transmitted power of the target BS b, and L is the load in terms of the number of attached users to the target BS and the number of bearers per UE .
The suitable RAT is selected by solving the following optimization problem:
where x b,i (t) is a binary variable that represents the association of the user i to the BS b (i.e., it is equal to 1 only if the user i is associated to the BS b); s ef fi and ρ i (t) are the spectral efficiency of the user i served by the BS b and the rate requirement of user i, respectively. The first constraint imposes to the users to be attached only to one BS at a time; the second constraint is related to the fact that the user datarate cannot exceed the Shannon limit.
In solving problem (4), the value x b,i (t) is taken over the time. Due to the randomness of the number of the UEs within a BS and the variability of ρ i (t), it is impossible to solve the problem directly. Therefore, we impose to select the RAT only when an UE performs a handover request due to the occurrence of particular conditions, i.e., when events A2 occurs. This means that the RSRQ from the serving BS falls below a given threshold (event "A2") [11] . At each decision time, we take away the index t in problem (4) to get a one-shot optimization problem.
III. THE PROPOSED RAT SELECTION SCHEME
The RAT selection process is summarized in Algorithm 1. The proposed RAT selection process starts with the measurement collection phase when users collect the RSRP and RSRQ parameters from the serving BS. The RAT selection procedure starts when the RSRQ falls under a given threshold (event A2). This happens because the user is located at the cell edge or high interference is coming from the adjacent BSs (line 5 of the Algorithm 1).
In order to select the most suitable RAT, the user starts the proposed decision making phase by collecting all the needed measurements (i.e., transmitted power, cell traffic load, UE requested spectral efficiency) from the adjacent BSs (i.e., femtocell, Hotspot WiFi, picocell, and macrocell) through the Access Network Discovery and Selection Function (ANDSF) entity [16] . The main task of the ANDSF is to assist the UEs to discover the potential 3GPP and non-3GPP access networks (such as Wi-Fi or WIMAX) and to connect to them. We remark that through the usage of this entity (ANDSF), our algorithm Algorithm 1 RAT Selection Algorithm 1: Consider: B the set of BSs in the system; 2: Consider: i the index of the user located in x and attached to a BS b; 3: Consider: the the RSRQ threshold defined in A2 event to start the handover procedure; 4: Compute: every TTI each UE measures the received RSRQ level; 5: if {RSRQ ≤ A2 Threshold} then 6: Start Handover Procedure; 7: Create a list of candidate BSs N ; 8: for {∀b ∈ B} do 9: Compute: b * = arg max(s ef fi · L/P T b ); 10: Store b * as the first element of the list N ; 11: end for 12: Sort: the elements within N in descending order; 13: while {Handover is triggered} do 14: Consider: the first element of the list N is considered as the target BS for the UE i; 15: Compute: trigger handover to target BS; 16: if {Handover fails} then After that all the candidate RATs have been collected in a list (line 9 to 14 of the Algorithm 1), the UE selects the most suitable one that maximizes the following utility function (line 16, 17 of the Algorithm 1):
Finally, the handover execution phase is performed according to the 3GPP standardized procedure. Hence, if the handover execution fails, the UE discards the previous target RAT and selects a new suitable candidate from the list (line 18, 19 of the Algorithm 1).
IV. SIMULATION RESULTS
The performance of the proposed RAT selection scheme has been evaluated through the open-source Network Simulator 3 (NS-3). NS-3 is a discrete-event network simulator able to emulate the entire LTE and WiFi protocol stacks. In particular, we exploited for the existing classes for both the LTE and WiFi modules in order to design a realistic 5G Multi-RAT DenseNet scenario.
The scenario consists of small BSs of different size, coverage and transmitted power within a macro cellular coverage. The small BSs (femtocell, picocell and hotspot WiFi) are deployed in an uncoordinated manner and the users move in the network area with different speeds. In particular, we have a macrocell with three sectors and the number of the small BSs varies from 1 (low dense scenario) to 20 (high dense scenario). Furthermore, all the system UEs are free to move with a velocity that varies from 3 km/h (pedestrian) to 100 km/h (high mobility), so to evaluate real mobility scenarios.
The inter-cell interference among the BSs of different typologies is avoided due to the usage of different frequency bands, whereas BSs of the same typologies exploit the same radio spectrum. The WiFi hotspots used in the considered scenario exploit the IEEE standard 802.11n [17] . In our simulations we consider a RF band of 2.4 GHz by using an OFDM modulation and a bandwidth of 20 MHz (equal with the respect to the LTE BSs). Thus, with the levels of data only set to increase, the new 802.11n standard will be able to meet the challenge of providing the required capacity for wireless or Wi-Fi networks. Regards the handover process we remark that, as the measurement collection phase is performed through the ANDSF entity [16] , our mechanism is in any case scalable and can be used with all type of small/large BSs with different access technologies (e.g., Wi-Fi, WiMax, HSPA, UMTS, Satellites). The main system parameters are summarized in Table I .
Outputs have been achieved by averaging a sufficient number of simulation results in order to guarantee a 95% confidence interval.
The proposed RAT selection scheme is compared with the standardized X2-based handover algorithms that take into account the events A2, A3, and A4 mentioned in [11] . The A2-A4 Handover procedure, every Transmission Time Interval (TTI), exploits the RSRQ measurements from the serving and the neighboring cells. The handover is triggered when the RSRQ from the serving BS falls below a given threshold (event A2) and when the RSRQ from the target cell differs to a given offset with respect to the RSRQ from the serving cell (event A4) [11] . The second standardized decision making procedure is named by 3GPP A3 Handover [11] . Every TTI, it exploits the RSRP measurements from the serving and the neighboring cells. The handover procedure, named strongest cell handover algorithm and also known as the Traditional Power Budget (PBGT) algorithm, triggers the handover when the RSRP of a neighbor BS becomes greater than the one of the serving BS (event A3) [11] , under the constraint that such a condition is maintained for a given time with the aim of reducing the ping-pong effect. To evaluate the aforementioned algorithms, we analyze four metrics:
• Average UE Spectral Efficiency: as the ratio of the number of bytes per second received by each user with respect to the system bandwidth. • End-to-End Delay: as the time needed to deliver a packet from the source to the destination. • Overall handover events: as the overall number of handover events executed in the system during the simulation time. The most promising results are in terms of overall number of handover events in Fig. 2 . Indeed, by increasing the number of small BSs in the system, the advantages introduced by our algorithm are meaningful with respect to the A2-A4 and A3 Handover algorithms. This is a consequence of the fact that the proposed handover is performed towards the BS characterized by a low traffic load and, hence, with low levels of inter-and intra-cell interference. For example, in the presence of 20 small BSs (i.e., femtocells and/or picocells) in the system, our RAT selection scheme performs about 148 handovers with respect to the 190-200 executed with the A2-A4 and A3 Handover algorithms respectively, with an average gain of about 45%. Fig. 3 shows the average end-to-end delay. It increases with the densification of the BSs in the system. The proposed RAT selection scheme provides a considerable gain with respect to the 3GPP standard handover algorithms. The gain varies between the 25% and the 40% when a low (i.e., 1-2 base stations) and a high (i.e., 10-20 base stations) cell density is considered, respectively. Indeed, the high reduction of unnecessary handovers avoids the overload of the network due to handover signaling messages, with a consequence delay Finally, the UE average spectral efficiency is shown in Fig.  4 . It is worth noticing that the spectral efficiency of the single user degrades when the number of small BSs increases within the macro cellular coverage. It is due to the high levels of interference and the lack of the available radio resources. In the three analyzed algorithms the same trend is observed so demonstrating that our algorithm provides the same results in terms of UE and system spectral efficiency with respect to the standard solutions.
V. CONCLUSION AND FUTURE WORKS
In this paper, an effective RAT selection algorithm over a DenseNet scenario has been presented and evaluated through the NS-3 simulator. In particular, the proposed scheme performs the handover decision at the UEs by considering a new system metric called Reference Base Station Efficiency (RBSE), which correlates the BS transmitted power, the traffic load and the user data-rate.
Results show that compared to the 3GPP intra-RAT selection schemes, our algorithm significantly decreases the overall number of handover events and achieves considerable gain in term of end-to-end delay. Furthermore, the usage of the ANDSF entity allows the proposed algorithm to be adaptable in scenarios with different types of devices and access technologies (i.e., 3GPP or non-3GPP).
Future extensions of this work could be to consider green policies techniques in order to increase the energy efficiency for the future 5G dense wireless networks. Finally, to manage in a proper way the radio spectrum and the available radio resources, the cooperation between RAT selection and spectrum sharing mechanisms have to be taken into account.
